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The Optimal Currency Composition of External Debt: Theory and Applications to Mexico and Brazil
Stijn Claessens
The
changes in exchange rates, interest rates, and commodity prices during the past decades have had large impacts on developing countries. Many developing countries have limited access to already incomplete international long-term hedging markets. Thus the question arises whether the currency composition of external debt can be used to minimize exposure to external price risk. Using a utility-maximizingframework, this article shows that, by choosing the optimal currency composition, a country can indeed manage its external exposure. The optimal, risk-minimizing currency composition depends on the relation between export receipts and the costs of borrowings in each currency and on the relations among the costs of borrowings in different currencies. A simple methodology can be used to derive the optimal shares of individual currencies and is applied to Mexico and Brazil. The results show that Mexico and Brazil could have lowered their external exposure to a limited degree by continuously altering the currency composition of their debts. The low correlations between the costs of borrowings and export and import prices make the currency composition of debt a very imperfect hedging tool, and it is likely that hedging instruments directly linked to prices are preferable.
Other things being equal, a strengthening of the dollar will worsen the terms of trade of net commodity exporters and hence reduce their welfare. For net commodity importers the reverse pattern will hold (Dornbusch 1985, p. 335). . . . for some developing countries, the fall in the dollar increased the burden of debt relative to their economies (World Bank 1987, p. 49) .
Which of these statements about the effect of exchange rate changes on the welfare of developing countries is correct? Even though placed out of context, both quotations illustrate some of the unresolved issues regarding the effect of exchange rate changes. This article aims to clarify some of these issues and to Stijn Claessens is with the International Economics Department of the World Bank. He would like to thank Stanley Fischer, Ron Duncan, Kathy Mann, Brian Pinto, Darius Malekpour, the referees, and participants in a seminar at New York University for their comments.
) 1992 The International Bank for Reconstruction and Development/THE WORLD BANK presenrt conceptual and practical guidelines that may help with external debt management in general.
The issue of the optimal currency composition of external debt can be approached from a narrow or a broad perspective. Given the existence of external debt, the narrow perspective attempts to determine its optimal composition. Given not only the presence of debt but also the availability of a range of other international financial contracts, the broader perspective attempts to identify the welfare-maximizing liability structure and the subsequent optimal currency composition. Here we take the broader perspective.
Developing countries in particular have been affected by large changes in exchange rates, interest rates, and prices of international goods during the past decades. The degree of uncertainty in these international variables is illustrated in figures 1, 2, and 3. Figure 1 plots the nominal effective U.S. dollar exchange rate and a measure of the volatility of this rate for 1977-90. Exchange rate volatility, which had increased after the movement to floating exchange rates in the early 1970s, did not decline in the 1980s. Figure 2 plots the nominal interest rate most relevant for developing countries from 1965 to 1990 as well as the coefficient of variation (CV) of the interest rate over the preceding 24 months at each point in time. Nominal interest rates have experienced large fluctuations, and there have been few periods of tranquillity. Figure 3 plots measures of commodity prices and commodity price volatility during 1962-90. Even though part of the price movements can be explained by shifts in the demand for commodities and supply factors, the large fluctuations in commodity prices resulted in large risks to both producers and consumers. 65 '..5 60 ' 0 1977 1979 1981 1983 1985 1987 1989 1990 Note. The weights used to create the index of effective exchange rates are the EIMF weights. Exchange rate volatility is calculated as the coefficient of variation of the effective exchange rates over the preceding 24-month period. Real effective exchange rates show a very similar pattem for level as well as voladlity. 1965 1970 1975 1980 1985 1990 Note. The nominal rate is the London interbank offer rate (LIBOR) on six-month U.S. dollar deposits (period averages in percent per annum) on which much commercial bankt debt is indexed. Lnterest rate volatility is measured as the coefficient of variation over the preceding 24 months. No distinction is made between expected movements and actual deviations from these expectationa; overall variability is considered as risk.
Source: LMF, Interntonal Financial Starissice (various years). 1962 1970 1972 1977 1982 1987 1990 Note: The figure plots the commodio price volatility as the coefficent of variation of the dol Fr index of 34 nonfuel commodity prices for developing countries in the preceding 24 months.
Source: IMF, International Financial Statistics (various years).
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THE WORLD BANK ECONOMIC REVIEW, VOL. 6, NO. 3 For industrial countries, external exposures are small, partly because the export and import patterns of these economies are often diversified. In addition, exposures are largely private, and volatilities are thus not an issue for public-budget management. These volatilities have of course been important issues for industrial countries in the larger context of macroeconomic management, but seldom in the narrow context of their financial impact on the public sector. Only a few industrial countries, such as Norway and the Netherlands, have felt a direct financial impact of commodity price and exchange rate movements on their public sector's budget.
But for many developing countries external exposures are large because of a more concentrated export and import pattern. They are also primarily public or quasi-public (as in the case of public external debts and the exports and imports of state enterprises). The high volatilities have had serious implications for the government budgets of these countries and other costs through their disruption of the economy and associated resource misallocations. This is demonstrated by Indonesia, in which the ratio of debt service to exports rose from 8.2 percent in 1981 to 27.8 percent in 1987. More than 65 percent of the increase could be explained by the depreciation of the U.S. dollar after 1985 and the fall in oil and other commodity prices in 1986 and 1987. If commodity prices and crosscurrency exchange rates had remained at their end-of-1982 values, the ratio of debt service to exports for all developing countries would have been approximately 17 percent as opposed to the actual ratio of 24 percent in 1987.
The fact that we observe large volatilities in several external prices (exchange rates, interest rates, and commodity prices) and corresponding large changes in measures of debt service burden draws attention to the importance of properly measuring external exposures. Large volatilities of external variables do not necessarily have to affect a firm or a country adversely. The issue is whether and to what extent the interaction between external price movements and overall external transactions affects the firm or country adversely. In order to determine this, a framework for measuring a country's overall (net) exposure to external price uncertainty is needed; the magnitude of external exposures can then be measured.
Once external exposure is quantified, one can try to manage it by using financial instruments to transfer exposures to other parties more able to absorb them. What type of financial instruments are available to manage external risks? Firms in industrial countries have access to and use many financial instruments to reduce and transfer risks. Examples are futures, options, and swaps on currency and interest rates, and more recently on commodities. In many developing countries, however, neither the private sector nor the public sector has used these instruments to the same degree as firms in industrial countries have to shift risks to (international) financial markets in line with comparative advantage. Some hedging instruments-such as currency, interest, and commodity futures and options-are in principle available to most developing countries. However, these have short maturities and, even when rolled over, provide limited hedging value over longer periods. Furthermore, the problem with rolling-over coverage based on short-term maturing instruments is that this usually implies a large exposure in these instruments. This can imply large margin calls or large option premiums for these instruments, which makes them less attractive for foreignexchange-constrained countries and reduces them largely to self-insurance instruments. The markets for longer-term hedging instruments-such as currency, commodity, and interest swaps, and especially commodity price-linked instruments-are relatively thin. And these longer-term hedging instruments tend to be unavailable to most developing countries due to institutional, credit, and other constraints.
The presence of large exposures, for which limited or potentially expensive hedging tools are available, raises the question whether a developing country can use alternative means to manage its external exposure. One possibility, of course, is that the country actually diversifies through the sourcing, producing, and exporting of a broader mix of products. However, many developing countries depend heavily on primary exports and may have little room to diversify into other export products as a means to hedge risks. And self-insurance through diversification may not be the most efficient option (because it may not be in line with the country's comparative advantage) and may take a long time to achieve.
A possibly more effective mechanism is to use the currency composition of existing and new external long-term liabilities to reduce external exposure. For example, Kahn (1988) mentions that a number of rescheduling agreements between developing countries and commercial banks have provided currency conversion options for non-U.S. banks. This indicates that, in addition to the possibility of incurring new loans in the currencies of choice, developing countries may be able to alter the currency composition of their existing external debt in rescheduling negotiations, possibly to their own and the commercial banks' advantage. The currency composition of external debt may be able to achieve hedging advantages similar to those of a portfolio of short-term hedging instruments. Changes in external earnings may be offset by simultaneous shifts in the costs of borrowings, but without possible adverse margin calls or premiums. The effectiveness of the currency composition strategy compared with, say, a rolling-over of futures strategy, will depend on the relation among the different external risks. Thus exchange, interest, and commodity price risk management and determination of the currency composition must be integrated.
Several questions follow if a country wants to use the currency composition of external liabilities to manage external exposures. What is the overall objective function to be managed (maximized) , and what is the definition of risk that follows from the chosen objective? Which factors play a role in choosing the optimal currency? What kind of rules follow for managing the external liability of a country? The existing literature provides little guidance on these questions. Some objective functions and rules have been suggested for determining the currency denomination of borrowings by a developing country: matching the currency composition of debt with the trade direction or currency composition 508 THE WORLD BANK ECONOMIC REVIEW, VOL. 6, NO. 3 of export revenues, matching it with the composition of the basket of currencies with which the domestic currency is pegged or managed, and matching it with the currency composition of the foreign exchange flows into the country (see further Lessard and Williamson 1985) . However, most of these rules have not explicitly been related to a specific goal or objective, and the risks have not been explicitly defined. In general, most decision rules proposed have been of an ad hoc nature, and detailed guidelines for implementation have not been developed. This article develops therefore an integrated model for deriving the optimal currency composition for a small open economy facing external uncertainties. The model uses international portfolio theory and identifies the factors that determine the optimal currency decision. The optimal currency composition for a country to hedge itself against commodity price, interest, and exchange rate movements-and not to speculate on relative exchange rate movementsdepends only on the covariances between the effective costs of borrowings and the country's exports and on the covariances among the effective costs of borrowings. A simple operational procedure, which relies on the coefficients of appropriately specified ordinary least squares regressions for calculating the optimal currency shares, is developed and applied to Mexico and Brazil.
I. THE PORTFOLIO MODEL
The optimal currency composition of external debt is determined for a small open economy that acts as a price taker in international goods markets and that faces perfect world capital markets. We will use here a simple, two-period model to determine the optimal portfolio investment and consumption decisions. Alternatively, an intertemporal capital asset pricing model-as in Merton (1971) , Breeden (1979) , and Stulz (1981) -could be used. In that case the model would have features similar to Krugman (1981) , Macedo (1982 and 1983 ), Fraga (1986 , and Stulz (1984) . Such a model is derived in Claessens (1988) .
It is assumed that the country can be represented by one domestic individual who lives two periods, or, alternatively, the government acts benevolently in choosing the optimal liability composition for its own citizens. This approach is appropriate if the private citizens have limited access to foreign capital markets. For many developing countries this is the case and is confirmed by the small amount of private, nonguaranteed debt compared with total public and publicly guaranteed debt (about 15 percent). In cases where the private sector has more access to foreign capital markets, it may be more appropriate for the government to concentrate on managing its own external liabilities optimally with respect to its fiscal revenues and expenditures.
The country has a fixed first-period endowment and can invest in activities that produce goods for export. In the first period the consumer makes investment, consumption, and borrowing decisions based on its expectations of second-period variables. In the second period, the consumer receives payments on its exports, which it uses to finance debt service payments and imports of goods. Export receipts and import payments are uncertain because international commodity prices are uncertain. The consumer maximizes its welfare function * defined over this and next period's consumption of each good, cj, i = 1, . . . K.
The country does not face any borrowing or lending constraints and can denominate its liabilities (borrow) and invest its wealth (lend) in N currencies. The amount borrowed or lent in currencyj is denoted by B,, which is a representative element of B, the N x 1 vector of demand for foreign bonds. The effective cost (or returns) of Bj in terms of the domestic currency depends on the foreign interest rate and the exchange rate. Each of the N foreign interest rates, rj, is assumed to be uncertain. Similarly, each of the N exchange rates, ej, defined in terms of units of domestic currency per unit of foreign currency (for example, pesos per dollar), is also uncertain. The effective (gross) interest rate on B, is defined as Rj and R* is the N x 1 vector of the expected effective costs on the N foreign loans. Rj is thus given by the (gross) foreign interest rate r)times (one plus) the rate of depreciation of the domestic currency in relation to currency j, that is, (1 + rj*,) (e], 2 /ej, 1 ). It is assumed that the effective costs of liabilities denominated in the currency of each foreign country do not necessarily equal each other. And the standard finance assumption of no transaction costs is made.
Due to certain barriers, domestic investors are prevented from investing in foreign firms and stocks. This restriction prevents domestic investors from using foreign equities as hedging instruments against unanticipated changes in external prices. Foreign investors cannot own domestic firms. We assume that there are no nontraded domestic assets (such as human capital). (See Svensson [1989] for the case of nontraded assets.) Domestic assets that are traded are domestic bonds, denoted by D, which are in zero net supply, with a gross interest rate of R, and shares of export firms. Export goods are produced by domestic, profit-maximizing firms whose shares are not traded abroad. In the first period investment levels, denoted by Ih, h = 1, ... L are determined for production of each of the L export goods in the second period. The production functions, denoted by Q(Ih), exhibit decreasing returns to scale, and Q(I) denotes the vector of second-period outputs. Firstperiod prices of all goods are normalized at one, and second-period prices in the domestic currency for the export goods are denoted by Ph. In the second period the country will receive payments per unit of exports in domestic currency equal to P-. The word "price" should be interpreted broadly here and includes all factors that determine the value of one unit of an export good. The exact currency in which the payments are received is immaterial to our results: what matters is that the payments have a stochastic unit value in terms of domestic currency. Second-period import good prices are P,.
The first-and second-period asset flow constraints for the representative consumer are defined in equations 1 and 2, respectively:
where first-period exchange rates are normalized to one. It is assumed that the (representative) domestic investor maximizes an expected utility function, which is von Neuman-Morgenstern and depends only on the consumption of the K commodities. The expected utility function of the investor is given by (3)
where II is the standard multiplication function, E is the expectation operator conditional on all information available at time 1, and f3 is the factor of time preference. The utility function is characterized by constant expenditure shares: the investor will always spend a share (i of total expenditures on good i. This allows us to represent the objective function in terms of one composite good for which we will use the notation Ci, i = 1,2, with average price P (geometrically weighted with weights a 1 ). The investor will maximize utility subject to the constraints on income.
To simplify the solution for the optimal amounts borrowed in each foreign currency, invested in domestic bonds, and held in first-period investment levels, we assume that the utility function U is quadratic, that is, U = aC -(b/2)C 2 .
For the more general case, see Claessens (1988) or Svensson (1988) . We define V.rr as the N x N variance-covariance matrix of the effective costs of foreign borrowings deflated by the consumer price index and Vrp, as the variancecovariance matrix of those costs with the changes in the unit values of the export goods (again expressed in domestic currency and deflated by the consumer price index). After imposing that the domestic market for bonds clears, the optimal borrowings are, where I is a N x 1 vector of ones (see further the appendix):
E( U2)
Equation 5 implies that the demand for foreign bonds consists of two mutual funds. The first fund is the speculative portfolio:
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where T UI/(OE(U2)) is the effective rate of intertemporal substitution. The composition of the speculative portfolio of foreign bonds depends on the expected effective real costs of excess borrowings. In equilibrium these costs will depend on the real rate of return on investment, adjusted for risks, and the inverse of the variance-covariance matrix of effective real costs. The demand for the fund depends on a risk aversion parameter, -y, where -y -b/E(U'). The higher the aversion against risks, the higher the y, and the lower the amount borrowed on account of the speculative fund. The second portfolio is the minimum variance hedge:
(7) B-= Vrr'V pQ (I) and is independent of the level of risk aversion. The investor will borrow in foreign currencies to insulate against changes in the domestic currency value of future receipts from exports. These changes are caused not only by movements in the domestic exchange rate at which export receipts are converted into domestic currency, but also by movements in the unit values of export goods. Since cross-currency movements can be related to unit value movements, foreign borrowings can serve as a hedge, and the stronger the correlation between domestic currency values and the cost of borrowings the larger the demand for foreign borrowings.
The equation for the optimal amount of loans is specified with respect to the effective, real cost of foreign liabilities, relative to the domestic borrowing costs. Alternatively, the portfolio can be written in nominal terms and then split into three funds: a nominal speculative fund, a minimum variance fund, and a price hedge (see the appendix). In addition, we need to assume that the distribution of all prices is lognormal. The nominal fund will be V-' R, and the minimum variance fund will be Vr-rVrp,Q(I), and the matrices are now based on the nominal costs of borrowings and the nominal unit values of exports. The price hedge fund will be -V-1 Vrp, where VP is the vector of covariances between the effective costs of borrowings and the consumer (import) price index. The demand for the price level hedge will be -(1 -1 /-y) (see the appendix).
It is useful to look at the price level hedge when we assume that the foreign interest rates are constant and thus that the uncertainty in the effective foreign interest rates is only a result of exchange rate uncertainty. This implies that the variance-covariance matrix of effective costs (Vr) would be equal to the variance-covariance matrix of exchange rates, and the vector of covariances between the effective costs of borrowings and the consumer price index (VP) is equal to the vector of covariances between exchange rates and consumer prices. Here we look at the price level hedge in two cases. In the first case changes in the prices of imported goods are perfectly correlated with the exchange rate, that is, the law of one price holds for imported goods. Holding foreign bonds provides then a perfect hedge against unanticipated changes in the domestic price of foreign goods. The demand for each foreign bond will be determined by the share of total consumption expenditures spent on the imports from each currency area. In the second case purchasing power parity holds. Foreign bonds are perfect hedges against unanticipated domestic price movements as exchange rate movements offset perfectly relative price movements. With no unanticipated inflation abroad there will be no demand for foreign bonds on account of the price level hedge.
To summarize, the model outlined above indicates that the optimal external liability composition of a country depends on the following factors:
* The expected costs of borrowing in each of the foreign currencies relative to the domestic cost of funds • The variance-covariance matrix of the expected costs of borrowing in each foreign currency * The variance-covariance matrix of domestic goods prices and expected costs of borrowings in each foreign currency * The shares of consumption expenditures spent on the different goods in the country * The export receipts of the country * The vector of covariances between export receipts and expected costs of borrowings in each foreign currency D The level of risk tolerance in the country.
When purchasing power parity holds and foreign prices are (relatively) stable, the rules for the optimal currency composition of external liabilities can be further simplified. A country may be very risk averse and want to hedge itself against commodity prices and interest and exchange rate movements. Or it may take the view that the expected real costs of borrowing in each of the foreign currencies are equal to the domestic real cost of funds (that is, it may not want to speculate on the relative costs of different instruments). In these cases the optimal composition will depend only on the vector of covariances between export receipts and the expected costs of borrowing in each foreign currency, and the variance-covariance matrix of the expected costs of borrowing in each foreign currency.
II. PRACTICAL RULES FOR THE CURRENCY COMPOSITION OF EXTERNAL DEBT
From the theoretical analysis it follows that if a country does not want to take an active view on exchange and interest rate movements-and associated costs of borrowings-or if it is relatively risk averse, then its optimal net borrowing portfolio (gross borrowings minus foreign assets, that is, reserves) will be the risk-minimizing hedge portfolio. This is a very familiar result from simple oneperiod mean-variance hedging models such as those used to determine the optimal amounts of futures to buy or sell to hedge an exposure (see, for example, Gemmill 1985) . Techniques introduced by Adler and Dumas (1980) and later on refined by others for the operational measurement of the economic exposure of a firm to external risks are also similar. We will pursue the latter similarity further. * Economic exposure to external risks for a firm has been defined in terms of the sensitivity of its objective function with respect to unanticipated changes in -external variables. The firm's objective function may be defined in terms of the net present value of future expected cash flows or in terms of near-term cash flows or profits. When the hedging instruments available are foreign borrowings, the operational way of measuring exposure as a cash flow sensitivity can then be reduced to measuring the covariance between cash flows and the effective costs of borrowings relative to the variance of total cash flows. In other words the measure is the ordinary least squares (OLS) regression coefficient of cash flows on the relevant effective costs of borrowings: cov(CF,,R,)/Var(CF,), where CF, is the cash flow in terms of domestic currency in period t and R, the relevant effective cost of borrowings at time t. The absolute values of these estimated coefficients provide then the minimum variance hedging quantities. These are the amounts of foreign borrowings (multiple exposure measures follow if one regresses the cash flows on multiple cost of borrowings). A related exposure measure is discussed by Oxelheim and Wihlborg (1987) . The portfolio model above is consistent with this approach because it indicates that-when the expected foreign and domestic real costs of funds are equal and purchasing power parity holds between foreign and domestic goods-the optimal composition is simply determined by the minimum variance fund (V -I V½PQ(I)). In the practical approach we consider neither the relative costs of funds in different currencies nor the benefits of using foreign borrowings to hedge against domestic price uncertainty. It is unlikely that a developing country will be able to successfully exploit (speculate) at an acceptable risk the small differences between costs of funds. The international financial capital markets at large are better equipped for this and will assure that these differences remain small. Domestic price uncertainty is more often the result of endogenous government policy choices than of exogenous influences; consequently it is unlikely that it can be hedged using foreign borrowings. It is not assumed that the law of one price holds among foreign goods (that is, Pi is not necessarily equal to ebPi,h for all i and h, where Pi,b is the price of traded good i in terms of foreign currency h) and foreign exchange rates can influence the prices of foreign goods. We leave the precise mechanisms through which nominal foreign exchange rate movements influence prices of foreign goods unspecified. For the effects of currency movements on the behavior of absolute and relative prices, see Giovannini (1986) , Dornbusch (1987) , and Varangis and Duncan (1987) .
More generally, the risk-minimizing borrowing portfolio would be based on the relation between the ability of a country to service its debt and the effective cost of debt service in each of the relevant borrowing currencies. The main problem with this approach is measuring the ability of a country to pay, some-thing that has been the subject of extensive research in the sovereign debt literature. In addition, ability and willingness to pay may differ, thus resulting in actual payments that may be determined by a bargaining game between a debtor and its creditors (see Eaton [1990] for a survey). In that case the factors determining the payment behavior belong on the right side of the OLs equation.
We suggest here that total exports of a country is the relevant measure to hedge. (Healy [1981] uses a similar simple regression technique for the optimal diversification of foreign exchange reserves.) Total exports measured in domestic currency are thus regressed on the effective costs of foreign funds (both expressed as percentage changes), and the coefficients are used to calculate the optimal liability portfolio. The equation to be estimated becomes then
Further disaggregation, for example by commodity groups or direction of trade, can also be used to calculate the optimal portfolio shares if one expects that the disaggregated relationships are more stable. For instance, prices of some commodities tend to have a close relationship with a single currency because the supply (or demand) tends to come from (or go to) that currency area. For example, the price of coniferous timber products has been closely associated with the Nordic countries' currencies because they are large suppliers and influence the dollar price of timber. Similar relationships may exist for other commodities (see further Lessard and Williamson 1985) .
III. APPLICATIONS TO MEXICO AND BRAZIL
In applying the model, the objective is to find the currency composition of net liabilities (gross liabilities minus reserves) that minimizes the variability in domestic currency of export earnings net of foreign liability debt service. We assume that at the beginning of each period new net liabilities are incurred, which are then paid off at the end of the period. We have thus a rolling portfolio of liabilities. If the composition of the optimal portfolios obtained is now stable over time, then little rebalancing of the portfolio would be required, and the rolling portfolio would essentially mimic a portfolio of long-term liabilities that has debt service payments falling due each period. We would then be justified to use the currency composition of long-term liabilities (which is inherently difficult to change over short periods) to hedge the short-term exposure arising from changes in export earnings. Large reductions in overall variability would indicate that the currency composition of external debt can be an effective tool for risk management, especially since it would avoid the drawbacks of rolling over short-dated instruments (margin calls and premiums). borrowing currencies we choose the U.S. dollar, Japanese yen, and German deutsche mark (DM). These three currencies were selected for the borrowing portfolio because Mexico and Brazil's current debt is largely denominated in these currencies (respectively, 70 and 72 percent U.S. dollar, 15 and 11 percent DM, and 8 and 10 percent yen); the DM and other European currencies are highly correlated, and the three chosen currencies are therefore good proxies for the diversification available in international currency markets; and these countries' future access to financial markets is likely concentrated in these currencies (or currency blocks).
The estimations were based on the (monthly) percentage change in the costs of borrowing in the different currencies expressed in local currency. The foreign interest rates used were the monthly quotes of the respective six-month LIBOR rates, which were then multiplied with the exchange rate depreciation over the next month. Table 1 presents some data on the average annualized costs in pesos during 1973-89 and in cruzados during 1973-86. The variability in the local cost of foreign borrowings was quite high. The variability of foreign costs can be compared with the monthly coefficient of variation of export earnings in local currency: 62 percent for Mexico and 233 percent for Brazil.
The estimate for the optimal portfolio for the whole sample period was based on regression equation 6. The estimates for the optimal amount borrowed in each currency lead to the portfolio compositions for Mexico and Brazil given in table 2. The absolute amount to be borrowed as a percentage of export earnings is 0.25 percent for Mexico and 5.62 percent for Brazil. The small fractions reflect the fact that the variability in export earnings is much less than the variability in effective costs of borrowings and that the correlation between the two is low. The results indicate that, of the absolute amount to be borrowed, The results so far were calculated using historical data and then applied over the previous sample period. The results therefore amount to an in-sample test. However, such historical comparisons cannot indicate the effectiveness of the strategy as a planning tool. After all, in reality, the country would only have had information up to time t with which to determine the composition for time t + 1. To show whether or not this technique is effective in terms of risk minimization, we perform a number of "out-of-sample" tests. We construct portfolios for period t + 1 that are based on a sample of observations up to time t. The sample is then updated to include time t + 1 information, portfolios are constructed for period t + 2, and so forth. The relative effectiveness of this strategy of rolling hedges is then calculated as the risk reduction realized over the whole hedging period compared with the risk reduction realized by the other strategies.
Specifically, we calculated optimal portfolios for Mexico and Brazil for each quarter using the last 48 monthly observations up to that quarter. This results in 51 portfolios for Mexico and 39 for Brazil. Table 3 summarizes the results. Annex tables A-1 and A-2 list the individual portfolios, indicating the mean square residual, the (adjusted) R 2 , and the Durbin-Watson statistic. For some individual portfolios the total borrowing amount as a percentage of export earnings is negative, thus implying that a net lending strategy would have been preferred at some points in time. The summary table indicates that the standard deviation of the portfolio shares is quite large. Portfolio shares vary between -3,622 and 2,997 percent for Mexico and between -123 and 202 percent for Brazil. Some of the large individual portfolio shares are caused by the very low absolute amount to be borrowed in a specific quarter, which inflates the individual portfolio shares. For example, the total borrowing amount as a percentage of export earnings of portfolio 37 for Mexico is only 0.000087.
Some of the outliers in the case of Mexico are also caused by the two large discreet valuations that occurred in 1982, which distort the estimation for all portfolios that include these data points. This is for instance reflected in the amounts to be borrowed for portfolios 23 through 39 (1982-87 through 1986-87 , which thus include the 1982 data), which are all negative. To control for this, we have also excluded from the sample the negative sums. We also solved for the optimal shares while imposing some constraint on the absolute amounts to be borrowed, for example, a certain ratio of debt service to exports. The results for both approaches were, however, not significantly better. Similar explanations exist for Brazil for portfolios after 1983-10. Excluding these periods, the estimates for the portfolios indicate a consistent strategy of borrowing in U.S. dollars combined with some minor DM or yen borrowings or reserve holdings. The absolute amounts to be borrowed are lower than the actual borrowings by these two countries and are closer to the net transfers these countries pay on their debts, expressed as a fraction of exports, consistent with the idea that the portfolios are rolled over.
With these individual portfolios, we performed the following out-of-sample test. For any portfolio one can calculate the residual in each of the next three months that was not hedged as u, = AE,-Z fi ARi,t, where AE, is the realized monthly percentage change in export earnings, ARi,t is the realized monthly percentage change in the costs of borrowing (for i = U.S. dollar, DM, and yen, all expressed in local currency), and fi are the shares, which change every three months. A new portfolio is then used for the next three months to calculate the residual, and so forth. This allows us to compare the effectiveness of a particular borrowing strategy with any other borrowing strategy. This was done here by comparing the strategy where portfolio shares are adjusted every quarter according to the estimates derived from the observations during the previous 48 months-here called the rolling strategy-with three alternative strategies. The first alternative strategy was Mexico's and Brazil's actual debt composition in 1988 (reported above); the second one was the composition that was historically optimal for 1977-89 and 1977-86 (89.8 and 126 .6 percent U.S. dollar, 11.5 and -25.0 percent DM, and -1.4 and -1.6 percent yen, respectively, for Mexico and Brazil); and the third one was the composition that was historically optimal for 1973-89 and 1973-86 (reported in table 2). For all three alternatives only the composition of debt was changed. The total amount to be borrowed (or loaned) was assumed to be equal to the rolling strategy (otherwise using the optimal amounts of the historically optimal portfolios would amount to an in-sample test).
For both countries the residuals of all four portfolios were calculated; in total there were 152 residuals for Mexico and 117 for Brazil. The results are shown in table 4. For Mexico the results are very encouraging. The rolling strategy achieved approximately a 46 percent lower coefficient of variation of residuals compared with the actual borrowing strategy. The compositions that were historically optimal for 1977-89 and 1973-89 achieved less or no risk reduction compared with the actual portfolio, and the rolling portfolios outperformed all three portfolios. For Brazil, the results are less encouraging. The rolling strategy achieved only a 2 percent lower coefficient of variation than the actual borrowing strategy. Much risk reduction was achieved with the rolling portfolio compared with the 1977-86 historically optimal strategy (a 69 percent reduction), but not compared with the 1973-86 historically optimal strategy, which per- formed overall the best. For both countries, all strategies did much better than a strategy using the actual amounts as well as the actual shares in which the countries borrowed (statistical results are not reported here).
None of the strategies performed better than a strategy where both composition and amounts were determined in an historically optimal way. This may be expected since historical portfolios will always lead to risk reduction given the benefits of hindsight. The instability in the covariances between changes in costs of borrowings and exports implies that planned portfolios will always result in less hedging. Only with more stability can better results be expected from planned portfolios compared with historical ones. This is, however, not a fair comparison, because, as noted above, in-sample tests of effectiveness of hedging are misleading. Other out-of-sample tests were also performed. One of these was based on a rolling hedge strategy using the past 24 months of observations. This led to much larger standard deviations in borrowing shares, a result of the fact that the sample period for the estimation was halved. Compared with the actual and historical optimal composition this strategy led to little or no risk reduction.
IV. CONCLUSIONS
This article shows that an integrated analysis of the external risks an economy is facing is necessary to measure external exposures correctly. The article uses international portfolio theory for such an analysis and finds that in particular exchange and commodity price exposure need to be integrated. A developing country wishing to implement more active management with respect to the currency composition of its net liabilities will need to consider its objective function very carefully. Nominal dimensions (such as direction of trade flows and currency composition of cash-flows receipts) do not necessarily provide correct indications for the optimal currency composition of debt. Determining the optimal currency composition requires a careful empirical investigation of relationships between cross-currency exchange rates and indicators of the country's external account, such as terms of trade, exports, and the non-interest current account. Determining the optimal liability structure requires facts such as the historically observed inverse relationship between the value of the dollar and dollar commodity prices. This relationship indicates for instance that nondollar currencies can perform a hedging function for (primary) commodity exporters because commodity prices, and thus export earnings, increase when nondollar currencies rise in value and vice-versa.
The article applies a reduced form of the analytical model developed to Mexico and Brazil and finds some, albeit limited, reduction in external exposures from constructing optimal, rolling portfolios. The results indicate, however, that portfolios are unstable over time as a result of time-varying covariances. Thus transactions costs can significantly reduce the benefits of adjusting portfolios frequently. Results obtained elsewhere (Kroner and Claessens 1991) indicate that even when using Generalized AutoRegressive Conditional Heteroskedasticity (GARCH) to deal with time-varying covariances-and to achieve less time-varying portfolios-instability remains an issue and that using the currency composition of long-term debt in a cost-effective way to hedge against real shocks will be difficult.
In general, the results indicate that the currency composition of debt is an imperfect hedging tool against external price uncertainty. Other types of contingent contracts (such as commodity price linked instruments) are likely better able to transfer risk from developing countries to the international capital markets. Unfortunately, the longer-term spectrum of commodity risk management instruments is not yet well developed for many commodities of interest to developing countries and will in any case be difficult to access because of credit constraints. In principle, developing countries should then also be using the short-dated commodity-linked markets, such as options, forwards, and futures, to hedge directly against price risks. These will provide the countries with some risk reduction benefits when longer-term markets become available or the countries achieve some real diversification. Unless strong relationships are found between the prices of export and import products, the currency choice of external debt may for many developing countries be largely immaterial as it relates to reducing overall exposure to external factors.
APPENDIX. DERIVATION OF THE OPTIMAL PORTFOLIO MODEL
For simplicity we will derive first the optimal portfolio amounts in case only one foreign bond and one domestic investment opportunity are available. The generalization to N foreign bonds and L investment opportunities will then follow easily.
The Simplified Case of One Foreign Bond and One Domestic Investment Opportunity
From the maximization problem in equation 4 the following first-order conditions with respect to the amount of investment, foreign bonds, and domestic bonds can be derived.
Given the assumption of a quadratic utility function, we can rewrite the firstorder conditions as
Imposing that in equilibrium the amount of domestic bonds will be in zero net supply, equation A-3' can be solved for the domestic equilibrium nominal interest rate R as
After some manipulation equation A-2' can be used to find the expression for the optimal amount of foreign bonds as
The equilibrium domestic interest rate-derived in equation A-4-can alternatively be used in equation A-5, in which case the demand for foreign bonds will depend on the real interest differential and the covariance of the real interest differential with foreign interest rates.
The Generalized Case of N Foreign Bonds and L Domestic Investment Opportunities
In case of L domestic investment opportunities and N foreign bonds, there will be 1 + L + N first-order conditions: one for domestic bonds, one for each domestic investment opportunity, and one for each foreign bond. The N differ- Imposing that the domestic bond market is in zero net supply (D = 0), it can easily be shown that this equation can be solved for the optimal amount of foreign bonds as reported in equation S in the text.
The Speculative, Minimum Variance, and Price Hedges
When variables are lognormally distributed, we can split the speculative hedge and minimum variance hedge further and derive the price hedge. In the case of one foreign bond and one domestic investment opportunity we first combine equations A-2' and A-3', setting D 0, to derive the following expression:
(A-7) Similar implications can be used for other covariances. Substituting these simplified expressions for the covariances in equation A-7, we see that some of the covariances will drop out. This allows us to rewrite equation A-7 and solve for the optimal amount of foreign bonds as a combination of a speculative, price, and minimum variance hedges, as in equation A-9: -bvAR(r^) VAR(r*) cov(r,P)
E(U')[E( -p ) -E (p)] = bcov (PQ
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For an alternative derivation, see Claessens (1988) .
